Summary: It has been the accepted opinion that there are one million nerve fibres in the human medullary pyramid. This seemed to be confirmed in several old reports. But we cannot agree with this opinion. We made nitrocelluloseembedded sections from three normal male brains, and stained them by our modification of Masson-Goldner method.
The pyramidal tract is one of the most interesting structures for neurologists and neurobiologists. But there have been no recent reports on the total number of axons in the human medullary pyramid1, 6, 7, 91 . Until now the accepted opinion has been that one side of the pyramidal tract contains one million nerve fibres. Previous reports were based on the observation of axons and myelin sheaths from different sections. In this preliminary study, we made our observations from the same sections stained with a new method which discriminates the various tissue elements such as axons , myelin sheaths, glial processes, neurons, glial nuclei, blood vessels, connective tissue and various nuclei including blood corpuscles.
Material and Methods
We examined three male brains, aged 41, 59 and 59 years. We injected a water solution of 10% formalin (3.7% formaldehyde) into the cadavers through the femoral artery using a pulsation pump while opening the femoral and jugular veins for drainage. Then we removed the brains from the cadavers, and left them in a water solution of 10% formalin for more than one week. There was no clinical evidence of diseases in the nervous system, nor were there pathological changes in the brains including the medulla oblongata. We removed the three medullae oblongatae, and fixed them secondarily with a mixed water solution of 5% potassium dichromate (K2Cr207) and 5% potassium chromate (K2Cr04), 1:4 in volume for two weeks at room temperature and the following one week at 37 °C . We washed them in running water , dehydrated them in graded alcohol, and embedded them into a mixed solution of ether and alcohol containing 10% of pure-formed nitrocellulose (Shiojirin , Showa Ether Co., Japan) before cutting them transversely into 20 pm-thick sections. Then we stained the sections with Goto's modification of Masson-Goldner method as mentioned in our previous reports").
We employed a combination of a light microscope with a drawing tube (BH2 with BH2-DA , Olympus, Japan), a morphometric tablet (Digitizer KC3300, Graphtec Co., Japan) and a computer (PC-9821 V13, NEC, Japan). We measured axons in the cross section of the right medullary pyramid under the microscope at 3,500 times magnification , and we counted the number of axons in the section at 3,000 times magnification.
The shrinkage ratios of sections amounted to only 10 ± 0% in length during the processing . 
Qualitative Observation
Observation through light microscope of the sections of the medullary pyramid stained by Masson-Goldner-Goto method revealed that myelinated axons were coloured in blue, whereas the glial processes intervening among the myelinated nerve fibres appeared in reddish colour. We could thus easily discriminate between bluish axons and reddish glial processes in the same sections of the medulla oblongata (Fig. 1) . No unmyelinated axons were observed in the medullary pyramid.
Morphometry of Myelinated Axons
The data concerning the central part of the pyramid are: 105, 108 and 114 myelinated axons per unit area of 12,500 grn2 for each case respectively (Table 1) . Although we examined several parts of the pyramid, we found practically no differences between them. The distribution of cross-sectional areas of these axons is given in Fig. 2 . Basically, there are no differences between our data and those in a previous report4).
The cross-section areas of the right medullary pyramid were 5,805,696.0; 6,589,542.6 and 7,392,397.6 1.tm2, respectively. Through extrapolation, we came to an estimated total number of 48,768; 56,934 and 67,419 myelinated axons, respectively. Table 2 gives a list of several reports estimating the total numbers of axons and myelin sheaths in the human medullary pyramid.
Discussion
Who first wrote that there were one million axons in one side of the human medullary pyramid? The answer is Lassek and Rasmussen6t7). They estimated the total numbers of axons from paraffinembedded sections stained by Davenport method in 1939 and came up with a range of 1,059,334 to 1,146,1336). Then Verhaart estimated them at ca. 700,000 to 1,282,000 after using paraffin-embedded sections stained by Alzheimer-Mann-H5ggqvist method in 19479). As for DeMyer, he gave an estimation of 749,900 to 1,391,100. He had used with frozen sections stained by Hortega method in 19591).
As to cross-sectional myelin sheaths, the estimations were made by Van The problem is that these pioneers observed axons and myelin sheaths in different sections, because they had to use different staining methods: the silver impregnation technique for counting the Sampling areas were at the central part of the right medullary pyramid (* 2,500 1.1m2; ** 12,500 gm2). Table 1 shows the number of axons in the sampling area, the areas of the medullary pyramid and the estimated total number of axons. There has been no report of observation on axons and glial processes in the same section: Axons were estimated from sections stained with silver impregnations (Ag), and myelin sheaths from sections stained with Weigert or Spielmeyer method. Some methods are presumed (*).
number of axons, and Weigert stain for counting the number of myelin sheaths, due to limitations inherent to these methods. This led to uncertainly in the calculation of the number of axons, as silver impregnation technique cannot discriminate between axons and glial processes, which both appear coloured in black. Furthermore, the probable use of the paraffin-embedding method before Weigert stain may have caused the sections to shrink to an unacceptable ratio and provide inaccurate data. Many researchers would have tried to adjust these discordances. However, Lassek put an end to the discussion and counted silver-impregnated dots as axons, whether myelinated or unmyelinated5). The present research is the first to observe axons and glial processes in the same sections. Thanks to our discriminative staining method, we have no doubt that there are less than one-tenth of a million axons in each side of the human medullary pyramid. These findings must be fundamentally interesting not only for anatomists, but also for pathologists, physiologists and clinicians. 
